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Gphin Wayoe E wbkernul-

Deputment of Civil & Mochanlcal m-g, UrIltA SL~- Mlll~Y A~Gmy
Vfd PolnL New York

r ADsmAfa

‘LstenoAvathamtical treatment k given to duriplng u the

p~ of energy diralpdon during mechanical vlbrstloo. The chsl-
Icnge In the clw~m u to dequately convey tbi,e concept and
atmd II by temchhrg ●tudenti prutied ●ppll~tione In engl~ring
ural@ ud daign. Students ue motivstd by rod-world pr+

‘tans; ~pplylng tha typa of problems with strong Inetructlorml
cbmrcmm arntent dgnifl~tly enbm~ tha Ieuning environment.

Tbie paper propaa tho adapbtion of ur sctud rcmarch

proj~t to ● dmple, yet Innovtilvo, mabaolcal vibmtlom Iaborw
tory. T%. adapted project Involvm M ongoing effort ● the La

Ahrrm Nationaf IAordo~ to invatlgmte dunplng f~tort of VUI- \
oue mllo~ ued In milltuy tankmunitlonc, The kinatl+energy pn+
tratora d In thae tsok rounde ue cylindrical In ohsp snd ue ●

maJor CIOM of wesporm dalgned to defeat boavy wmor. Unwurtui
Lransverm ~lllatlone of tha ~tr~tam degrade thoacxurwy of
the rounde urd may lead to ghnclng blow o~ tha target.

I The pmc- of m-urlng dwnplng In long rod pnetmtom
:Ienh ltd to h numtwr of koy tilng poln~ fur anglnaring ●tu-

date In ● vlbrdone courn. Eixperfmcnti work cuI eaeily rein-
force ● vuiety of methocb to meuum damping including th~ logu-

‘ilhmlc darement methq tbo baadwldth mctbod ueing tdf powar

( poln~, or meuriremente taken f’mm mreal UIS plot of the truufer
function. The dmple oh~~ of Um penetrstom allowe for the com-
pubn of u~rlmentd alculstlone and theorethf prdictlwro in

;flndlng the nmturd frequencla, DiffmerIcM bud on ~ vulety of
●nd conditions ~d conetreln~ may ah tm explored. The lab lo

~pudcululy wehulted to malal ansfyde U.d giva the otudenti ●

M* undereturdlng of mode obapa and uocbted concepb.
Adaptd raouch projects eucb LO thle CM prove to km highly ou~
eful In emphddnc tho relev~ and ●pplic~blllty of lho Intrdu+
w concepte of mechurlr d vlbmtlom to red engineering problems.

1~

Engfneufn~ emdenti Ieam Lwt thae concepte wblch they ~
mfsb b prutlul appllcatloos. Curied one step further, cadete M
Lbe Unltul !Wta Millury Academy (USMA) learn W that
thinp wkkcb the) - mlsta dktly to thdr tbcoen profcafooi
W ~ ~ m tb4 moUvaUon la Imklng for ws~ W Ampt

. Id+ ~ to Mruct.fed Iahordorlm. The pur~ of
We ~ b to Mb 000 pcopmd Inoovstlve spprouk for ●

~ vt~ ~ Sprcltlcdly, ● mvuch proJ(ct ie
tibtti~bIB~tirlMAS90VOrd pdbblnb
~d~

-~~

~~ua~t~dmlYltsry tmk
~db-~. tiugbvdoclty, did

Oiscordirqdot petol k het ic-mr~
I pemtrotor

Flgum 1. KlneLl*Ene~ Penetr* Ram&

Gun-bunched kl~etlc+nergy penetrdom ad ● dklaatly
high Iength-teditieter rstb to pnetrti malera mrrooc*
conflgurmtlons. They axperkena meevere envlrorumd upo bunch.
hard lode we Imputed on tha rounb duc to lm~+utloae In
the gun lubn ud tube droop, Ona tk rounde Iawe ho hr~ tbe
long-ml ~netratire ue oubJatd to further uckhtfom during
ubot diecud and fllgbt. Tbm Idad lode csun trenevamn
amllmtion of the ponetrmlom.

The tmnevern vibration of thcu d mfkt the occur-y O(
the rounds mad *re vmy unddrable. Even oJlght bndlng may bed
to yaw during fflght and glmrxlng blow off the W. TIM

I●uthor @ ~n lnvolv~ In ~h d tbe be Abrrra Natlormf
\ Labrhtory to sttdn dumping leveYa of VUIOW am@ta allo~

I wed In manufuiurlng thae rounds. Tlw alm b @ devslop mwnd
that not cmly exhibit auperler pnotratlon chu~terletim but &
hsve * aulllciently hlgb level of dunphrg to quickly redua
unwuited traneverm vibrdons.



Aimxnbl MAhd Md&tIibau

TIM tat apeLirnemA in & ~ proj~i~ sct~
netmtor A not yat muhhrd Into final tip TIM d~

:re CICM to th- of tha find munltlo~ ~ppmxhnstcly one inch

diumater and thkty Inchm In length. Tcd opcdmenx with oimple

kodrlml chap could k aaciyy fdrdc.atal foc typlal dudond

n.
TIM MtUd flight of the long ral prmotmtora to tho tar@ ix

conrtrdrd. Hence, tutlng tha rdc with &frm end condltlon.s

mld ha mat ●pproprlata but dlftkult to mpllate in a lab. To
/ -d ●pproach th- end cordl~ tho d In the ~tual

wrch project were uuspndd horn ono and using vdnw ma

:ludLng alrcrdt control cable and Ylhrnent Ilne. A dmlYu octup

n k d In m hxtructlonal M. TtIa krn.lng point for ttudaotx

to mlnimixo the corutrc.into on trmxvern vlbmtlonx of tha rd,

~reby bt duplimting the mtrul Olght of tho pmetratom

Dab srmlycix for the ~ wu dono with m AppllaY
~nal Ardysix P~kag* (ASAP) - ● M~ p mmputar syntam.

;AP wu devclopd by AppUod Tahnology klat+ ln~ of
huquerque, New Maxico. Dab wm collated with Ilght weight
devco Model 2250A xcelarorrteti and PCB Model 208 fow

duccra on the input. FM traadwrt tm@ 120,000 dlgltbcd cYAt.a

Inti warn colktcd d ● ra@ of 6,000 to 8,000 sunpla ymrund.

b Kcountcd for ● tot.d d4W ctmun of ●bout 15 to 20 mrconds

d AIlowcd for f’rcquency udyxb up to ● t Iaut 1,500 Hart-. For
&er (ford motion) tab, 3M,~ dab Polnb wem xunpld st a

e of 13,000 to 8,000 @rr@ K A and ●veragaY at 32,768

nt Intervdx. Analydx la an ~tlonal Isb could bx acmm.

]hed with Uly type of da- acqtitloa pukqs COUpkd with s

,iety of clgnal adydx syo~ Tba laboratory conflguratlm lx

onduy ~ tha upulmm b xtudcat [UIM 10 ●pplylng ~m

ory to mcuurlng Klbal puamdam of ● mabMld Syah.

Tbrm mcprd.a mathcdx ~toapcrlmcndly determlna the

nplng of the panetrdom am d~hd In the fo!lowlng titlonw

~ ~ M TIM Iogarlthmk daruneot
thd lx ● prlm~ mtiru O( ~lng syotom dunphg uslnK LF,O

nelent rmponn of m undrrdam~ sysbm. Plottlng iha tlmc

●y of the cxpnentlally d~ylng ~111.atloru, the Iogulthmlc

rement, 6, la dellned M

(1)

!ra XO -d Xn us the unpUIudg of tho xamth and nlh cyda,

=tlvdy. Dy taking ● rntlo d~vc cyclm, ● rclstloruhlp

be developed batwexn th~ Iogultbmk dwmment and the durrp-

futor of the o@cm, (,’

‘-*’ (2)

1

1.0

t.1

0.5

+,1

-0,8

-1.0

-as

-J! I t I 1 I , 1 1 1

0.7 1,4 a.i 2.8 E*4. a 4.s 5.s u

Figure 2. Typlul Tlmo -Y of Penetrstor Odl.@J@S.

culaw th paman~e of =Illatloa decay which occurs during tho

time of fllght, The veloclty of tho rourrdx am typically Aoui I to 2

kilomctem-prr rend. Target at~mti usually occur st rugs
betwmn 1.3 and I kllomttam. Hence, ● two ~nd flight tl.ma Lx a

lgd stutlng valua. StudenLo prdlct tha IMman~o of kxy *r

ax~rlmenta.lly datarrnlnlng the log decmrna nt urd c&u14ing tho

nutnber of CYCY- k round uperlonca durJng fllghl.

I
% rductlon D (1.s) 100% (4)

YIMUIIJ from tha sctud ~h found dunplng to be prlnaarily a

matarlsl propdy ad sppuently Irrdependart of fr,quency. Fot

mat msterl~m, tha majority of ttto *lllatlono of ilIG hlghat mod-

[>90%) had d- . al d’14r two ~ndx.

~ * A foKud riw~ of the pandrakn

using ellhar an impact hurrmer Input or ● vlbmtlon mhaku with s

random dgnal input sIIo- ax-poclmantd dclcrmlnatlon of dAWIpAn#

using the krrdwldilt method. Student.c um ● plot of lha tr-fu

function In tho fmquancy domdn to dehmlne the tmlural fr+
quency and half-~wer Polnti for ouh of IYM Ylrat mvard md- of
ihc ~neirakm (Sa Ilgum 3).8

()

{m! ~ (e)

when wn, u,, and W2, uc ~ha natural d hdf-pw- fm~

for ad of the -nMt pdx of tha truufar Nrrctlon ?Iot.

Thlx axpulmaai dlowa tha atuda~ to Apply h d mathd

of dotarmlning tbc qulvdent VkIUUX damping f~tor for ● vlbra~
Ing oy8tcm.

um~~~ Athlrdmathodofa#-

mant.ally meuurlng tho dunplng w k damonatrdd by plottln~

only k mal put of tha trmncfar func..on In tb frqu-y domdn. a
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mtkdy, On@ Ill-y DOW Wk. th darivatba of tha red part Or

ruder function with -t to tbs ~u~y rmtlo, r, aod mt
d to mo. The rault k two utrana valua of r, one
mum and ona minimum, for eub ~~ w.

r - JTi’ii t-m (8)

lslng timt r ia ●imply tho rstb of tk fmueocl. ●t uch of
I oxtmm~, WB and WA, with rupat to tha naturai frquency,

rmturai fi~UmlCy, Wn, CaO h alimhtd hOWi bdl OXprAOM

Ilow ona to rahto WA and WB to tba dam~ng factor,

(lo)

Whua AI - 4.7s, 7.W, 10.998, ate. (11)

I- can ho .aaIly Im compuod to the upuimmtd valua @on
Im tho plot of h fkqumcy opuhum, and my dknpuitk w
uplainai (tho dfai of damping, nonllneultk bounduy -ndl.
ma, ok.).

Tba thwmtkai modo ah- m~y & h sofvod oxactly. By
Iployiog MY aumbar of mmiaf aoalyda aoftwaro PAW- tha
mmay ha conrpard to iha ax@rneotd raults. By vbuaildrr~

tho mode aha~ ●tudoota bttar undoratamf tho dgnlllcaoa of

~thairrnatbamatkaricafcdatiooa.

I

I Gmpukm aod modarn vlbmtioo analydm ~uipmtd Imva
Cbarlgod the way we tracb aogfnema. Wa Owa it to our mtU&8ta Lo

introducathantothis @pOiUIlt dwing Lkk mdergmduatadm
‘tion. The cbd~ h to do m iOa nmonm which doquddy ~
m.yo cancapm km tb ckmrOmto practlcaf#J40ms. Aub

‘oftonour erl*ctudmlta @wrapped Opintklostmmm*
lti-md~--~tiqquimtdbtiti
‘Ulquataiy rcbtgtho timstialbaiadthalr ~apkYbc4

@o red-world pmbko aoldng. ~&”k~k&gY k
iab to Oniy ham how b rMMun

iearsting why dampiog la important and what am tbo aUuta &
ld4Mp@.

Thadwiptloa oftbofMtructiod 18kmtmy Iothiawkl
an sttanpt by tho Utb to oh OW WV ot bridging W ~
Tba ●btity b Miti Lbatopia the ctudont b king to s ~t
~h Drojti amphaok tlw im~ ot h matarid ad ai$
nhlcantly anti krrdn~ Tba atudenta - ~ to both aaaL
ytid aad uparimcntd khniqua of vlbmtk toting at & kef
width k cooalataot wltb M undorgradusb vibratfooa courn.
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